Mit Kenana area, 40 km North of Cairo, represents the eastern fringes of the Nile Delta in Egypt. Existing laterals spacing design of Mit Kenana area is reviewed. Then spread sheets are employed to obtain laterals spacing, which is referred to as spread sheet design. Microsoft Excel software, as instance for spread sheets, is employed to get the laterals spacing design of steady state subsurface drainage systems. The most suitable and popular Hooghoudt equation is used to get the spacing L, including the equivalent depth. Given data are depth to the impermeable layer, radius of the pipe lateral, hydraulic conductivities of the soil above and below drain level, elevation of the water table midway between the drains, and drainage rate. The lateral spacing L is assumed. Calculations are done through the spread sheet and the final result of L is obtained. Check for the obtained L is established with respect to the assumed value. Also, another check is employed for the equivalent depth d e . Almost identical results are accomplished by spread sheet design compared with the existing design. Laterals spacing design for steady state subsurface drainage systems employing spread sheets is efficient, accurate, quick, easy and simple.
INTRODUCTION
Agricultural drainage is defined as the removal of excess gravitational water from agricultural lands for crop production purposes. Agricultural drainage is generally divided into two categories, surface drainage and subsurface drainage. Surface drainage removes water from the soil surface by promoting gravitational flow overland and through channels to be collected and conveyed to an outlet. Subsurface drainage removes excess soil water to gravity or a pumped outlet [1] .
Water available to plants is held in soil by capillarity, while excess water flows by gravity into drains. For subsurface drainage, laterals (field drains) are used to control the depth of the water table in the root zone by removing excess groundwater [2] .
For cropped irrigated and rainfed lands of the world, only about 14% is provided by some type of drainage. About 300 million ha, mainly in the arid and tropical humid zones of the developing countries, needs artificial drainage. Till the year 2030, drainage should be improved in at least 10 -15 million ha, which might require investing at least € 750 million annually. It is expected that one third of this area will be provided with subsurface drainage systems [3] .
In Egypt, 100% of cropped area is irrigated, while 88% of this area is drained [4] . Annually, about 63,000 ha are provided by new subsurface drainage systems while old drainage systems are rehabilitated in about 12,600 ha. In this paper, Microsoft Excel software, as instance for spread sheets, is employed to get the laterals spacing design of steady state subsurface drainage systems. The most suitable and popular Hooghoudt equation is used to get the laterals spacing, including the equivalent depth. Spread sheets are formulated to obtain laterals spacing design of steady state subsurface drainage systems.
MATERIALS AND METHODS

Study Area
Mit Kenana area is located about 40 km North of Cairo [5] and it represents the eastern fringes of the Nile Delta, as shown in Fig. 1 . It occupies an area of 350 ha. The soils in the area consist of three layers. The hydraulic conductivity of the two upper layers is constant through the area with a value of 3 m/day. The third layer is considered impermeable layer as it has a hydraulic conductivity less than one tenth of that of the second layer. The area has different depths to the impermeable layer (D i ). The drainage rate (Q) is 0.0015 m/day.
Fig. 1. Mit Kenana area in Egypt
The lateral spacing design is established and the subsurface drainage system is accomplished for Mit Kenana area [5] . This design is referred to as existing design in this paper. Fig. 2 shows the principle of the subsurface drainage infrastructure of the area.
For the Nile Delta in Egypt, including Mit Kenana area, the water table depth of 0.8 m achieves good conditions for the cultivated crops [6] . Also, the drainage rate of 0.0012 m/day is acceptable.
Equations Employed in the Study
The movement of water into the drains is mainly affected by the hydraulic conductivity of the soil and drain spacing, depth, and size. The study employed the most suitable and popular Hooghoudt equation [7] for drainage design (Eqn. 1) To account for the extra head loss due to radial flow to the drains, two simplifications were followed in Hooghoudt theory. The first was assuming an imaginary impervious layer above the real one, which decreases the thickness of the layer through which the water flows towards the drains. The second was treating horizontal and radial flow to drains as an equivalent flow to imaginary ditches with their bottoms on an imaginary impervious layer at a reduced depth. In other words, the equivalent depth (d e ) represents an imaginary thinner soil layer through which the same amount of water will flow horizontally per unit time as in the actual situation. In equation 1, replacing the term
To determine the equivalent depth, a relationship was derived by Hooghoudt between the equivalent depth (d e ), the spacing (L), the depth to the impervious layer (D i -D d ), and the radius of the drain (r 0 ). To simplify this relationship, tables were established for the most common sizes of drain pipes, from which the equivalent depth (d e ) can be attained. 
Spread Sheets for Laterals Spacing Design of Steady State Subsurface Drainage Systems
Microsoft Excel software, as instance for spread sheets, is employed to get the laterals spacing design of steady state subsurface drainage systems. Equation 2 is used to get the spacing L, substituting by equation 3 to obtain the equivalent depth.
For the hypothetical case shown in Table 1 As shown in Table 1 , the depth to impermeable layer (D) is 2.5 m, the lateral pipe radius (r 0 ) is 0.1 m, hydraulic conductivities of the soil above and below drain level (K a and K b ) are the same with the value of 1 m/day, elevation of the water table midway between the drains (h) is 0.2 m, and drainage rate (Q) is 0.001 m/day.
It is assumed first that the lateral spacing (L assumed ) is 50 m. Then calculations through the spread sheet obtain a value of 58.29 m for the spacing (L) with 16.5% difference with respect to the assumed value. Other values are assumed for L till difference with respect to the assumed value becomes close to zero. Thus the spread sheets design for lateral spacing is 59 m, with only 0.19% difference with respect to the assumed value. Also the check for the equivalent depth (d e ) is satisfied, where the value of D/L is less than 0.25. 
Spread Sheets for Laterals Spacing Design for the Mit Kenana Area
Spread sheets are employed to obtain laterals spacing for the Mit Kenana area, which is referred to as spread sheets design. Twenty two different laterals spacing designs are calculated according to the data of Mit Kenana area. These designs are included in Table 2 . Also, three spread sheets designs are shown in Tables 3, 4 and 5 as samples for this technique.
RESULTS AND DISCUSSION
Three samples for spread sheets design are illustrated in Tables 3, 4 
The lateral spacing is assumed first (L assumed ), then calculations through the spread sheet obtain another value for the spacing (L). The percentage difference between (L) and (L assumed ) with respect to (L assumed ) is done to check (L).
Other values are assumed for (L) till the difference becomes close to zero.
Also the check for the equivalent depth (d e ) is satisfied, where the value of (D/L) has to be less than 0.25.
As shown in Tables 3 Similarly, as shown in Tables 4 and 2 Finally, as shown in Tables 5 and 2, depth Existing design of Mit Kenana area is reviewed according to the design data. Both existing design and spread sheets design are tabulated in Tables 6, 7 and 8. Table 6 , eight different laterals spacing designs are calculated according to the data of Mit Kenana area. Similarly, Table 7 includes eight different laterals spacing designs. Finally, Table 8 contains six different laterals spacing designs.
From these obtained results, it can be seen that both existing design and spread sheets design are almost identical with negligible differences in limited designs.
The steady state condition is followed in Egypt, where the rate of recharge to the aquifer is assumed to be steady and equals the discharge of the drain. So, the water table position does not change as long as the recharge continues [9] .
Spread sheets are efficient, accurate, and simple way that can be applied to solve many issues in hydraulics and water resources. For instance, Microsoft Excel software, as a common popular spread sheet, was employed to get the best hydraulic trapezoidal sections for open channels with different side slopes [10] . Also, an additional solution was obtained concerning the velocity of water through the trapezoidal best hydraulic sections.
Many attempts were done to calculate the equivalent depth in order to get the laterals spacing for the subsurface drainage systems. Chieng et al. [11] introduced some graphs for the equivalent depth versus the depth to impermeable layer for a range of pipe sizes and spacing between laterals. Efficient values for the equivalent depth are obtained by the technique employed in this paper.
Also, a drain spacing formula has been derived considering the variation in flow and the area above the drain level in the radial flow zone [12] . The extent of radial flow zone is found to be 2/π times the thickness of soil layer below the drains. Hooghoudt equation based on equivalent depth is accurate enough to be used for drain spacing, but the computed water surface profile in the radial flow zone differs considerably from that computed by the new method.
CONCLUSIONS
Laterals spacing design for steady state subsurface drainage systems employing spread sheets is efficient, accurate, quick, easy and simple. It can be widely used to get the required spacing between the laterals (field drains). Applying this technique on Mit Kenana area in Egypt obtained almost identical results compared with the existing design. This technique can be applied to get the laterals spacing design quickly and accurately. It can be also used to obtain efficiently the equivalent depth for steady state subsurface drainage systems.
